Thank you for submitting your manuscript for consideration by the EMBO Journal and my apologies for the extended duration of the review process. Your study has now been seen by three referees and their comments are shown below.
As you will see from the reports, our three referees all express interest in the findings reported in your manuscript; however, they also raise a number of concerns about conclusiveness and data interpretation that will have to be addressed before they can support publication in The EMBO Journal. In addition, they find that they manuscript text and structure would need to be extensively revised to better convey the key message to the readers.
I realize that several of the points raised by the referees are of an open-ended nature and that the outcome of the revision is therefore not predictable at the current stage. However, if you would be willing to extensively revise the study along the lines suggested by the referees -and if the original conclusions still hold true -we would be happy to consider such a revision here. On the other hand I would also understand if you would rather publish the manuscript rapidly and without any significant changes elsewhere, in which case please let us know so we can withdraw it from our system.
Thank you for the opportunity to consider your work for publication. I look forward to your revision.
------------------------------------------------REFEREE REPORTS
Referee #1:
In the manuscript entitled "DNA Sequence properties that predict susceptibility to epiallelic switching" by Catoni et al., the authors investigate the genome-wide DNA methylation pattern still present in the weak met1-1 mutant compared to the strong met1-3 knock-out. The authors separate the CG methylated fraction of the genome into gene-like methylation patterns, rTELs and eTELs. They demonstrate that the number of CG sites and the repetitiveness of the locus influences if it will be able to remethylate back to a wt level, or if it will stay unmethylated and create a stable epiallele.
This manuscript was very difficult to understand, and took two careful readings to parse the authors' points. This difficulty stemmed from an abundance of claims that were not supported by the data. For example, line 76 claims the met1-1 data was the same as MET1+, but that is not shown in the main or supplemental figure referenced. Again in line 99, MET1+ is never analyzed and thus the statement is not supported. Also line 101, the transgenerational nature is never tested and thus again this statement is not supported by the data. Again for the MET1 F1 hybrids in line 116. All of these examples are continued extrapolation of data in met1-1 to the MET1+ line and thus heritable epiallelism, but the data is not shown or tested, and is thus not supported.
Other major comments that I have include:
1. I disagree with the authors using the claim that the number of CG sites / repetitiveness is a "rule". It predicts or is correlated with, but the manuscript repeatedly uses the terms: determines (line 180) and rules (lines 182,215, 220, 304). I suggest "predictive", as used in the title.
2. Figure 6A separates regions of the genome by mappability and number of CG sites, and then gives them the names "epi" or "rev". These names signify function or a prediction of how these regions will heritably act, however that is not experimentally defined. Please remove these names from Figure 6. 3. With the data the authors found, is it apparent where the difference in phenotype between met1-1 and met1-3 comes from? Can this be addressed in the Discussion section? The manuscript starts off with this key phenotypic difference between the two alleles, but then does not return to discuss the cause. 4 . In line 62 when GELs and TELs are defined, how were these cutoff levels determined? Scientifically or arbitrarily? Please clarify.
5. Is there really significant overlap between DMRs of met1-1 and the MET1+ plants as suggested on line 49 and 269? The Spearman and Pearson correlations seem low. What is the amount of random overlap of DMR sets this same size compared to the observed frequency? 6. A key point I don't think was addressed is whether in wt plants, can rTELs and eTELs be differentiated? For example even though both produce 24-nt siRNAs, are rTELs targeted by RdDM while eTELs are not (and either have low CHH methylation or CHH methylation not targeted by RdDM)? The experiment to do is measure the loss of CHH methylation in a pol V mutant (compared to wt) for eTELs and rTELs. I think this may be informative for the reader to understand how these loci are different in wt plants.
Minor comments that would improve the manuscript are:
1. The manuscript ends very quickly, only giving two sentences to the complicated figure 6A. The same is true for the one sentence given for 6B.
2. Line 232 seems like a circular argument. Rice GELs and TELs are being identified based on their similarity in methylation dynamics as Arabidopsis, and therefore of course they will mirror the Arabidopsis results.
3. Line 670: Is not a kernel density plot. Figure 2B , I would use two different colors to represent cluster 2 and cluster 3, and then bring these colors back in figure 3C when these clusters are used to define eTELs and rTELs.
In
5. In Figure 3E ,F, the choice of two close blue colors should be the colors used to define eTELs and rTELS in 3C.
6. Effort should be made to make the difference between Figure 5C and D more clear. It was difficult to understand.
7. This manuscript focuses so heavily on the difference between the met1-1 and met1-3 alleles, that an important (but missing) aspect is to describe how these alleles differ. Does met1-1 produce less protein than wt, or the same amount of protein that is less efficient? This is important because met1-1 can clearly do some of the wt MET1 function.
Referee #2:
It has long been observed that changes in DNA methylation at some genomic loci result in stable epialleles that are locked in a specific epigenetic state while changes at other loci are reversible. However, the features that impart these different behaviors has remained unclear. To investigate this aspect of epigenetic inheritance, Catoni et al. investigated the global DNA methylation patterns in two met1 alleles that differ in their effects on stable vs reversible loci. By comparing features associate with the differentially affected loci, the authors identified high CG density and low repeat copy number as genetic features, and nearly complete losses of DNA methylation in all contexts as an epigenetic feature, correlated with the inheritance of stable epigenetic states. Moreover, they were able to demonstrate that based on the genetic features alone, they could predict the behavior of specific loci not only in populations of wild-type Arabidopsis but also in agriculturally important crops like Rice. Although such predictions are limited to DNA sequences that fall into extremes regarding their CG content and copy number, this discovery marks a huge advance in our understanding of the genetic underpinnings of epigenetic phenomenon. The findings presented are well controlled and provide amply support for the authors' claims. Please find additional comments and suggestions, all of which are quite minor, listed below.
Minor comments and suggestions: At the end of the first paragraph of the results the authors interpret the increase in methylation shown in Fig S1C upon reintroduction of MET1 (MET1+) as evidence of re-methylation. However this only shows an increase in methylation and does not distinguish between re-methylation at sites that were previously methylated and ectopic methylation at previously un-methylated loci. Thus, this conclusion should be reworded for accuracy or an additional figure showing the increase in methylation occurs at previously methylated loci should be shown. The authors define GELs as genes with >5% CG methylation and <5% non-CG methylation. Several studies have been carried out to specifically investigate gene body methylation. For example, Takuno and Gaut 2011. It would be informative to know the extents to which the GELs identified here correspond to the previously identified body methylated genes. In line 161-2 the authors' state "Therefore R-TELs are clearly different from "remethylatable" loci where re-methylation does not occur in the F1 (Teixeira 2009)." As the referenced study used a different genetic background to remove CG methylation (ddm1 vs met1 mutants) there could be a difference in the residual epigenetic marks. Thus, this argument would be strengthened by showing an example of a locus designated as "remethylatable" and showing that in your met1-3 x WT lines, this locus behaves differently than the R-TELs. For Figures 3F and S10 , please indicate in the methods how the small RNA libraries were normalized. If no normalization was preformed please include normalized values, for example the data could be presented as RPKM. Please also indicated the depth of the siRNA libraries utilized. Table S1 there is a typo in the header "Plastide" should be "Plastid" Figure1: why is the number of DMRs different for met1-1 in panel A vs B? Is this a typo? Typo on Line 55. There is a period missing after "states". In Figures 4, S4 , and S14: The legend indicates that the "Black dashed line displays WT and met1-3 mid-parental methylation level". However the Wt appears to be shown in grey. The Figure 4D legend first mentions that the identities of the R-TEL and E-TEL are defined in C (which are 200bp bins of genomic regions) and then states they are according to TAIR10 annotations (which are full length genes and TEs) and then referes to the regions as 200 bp bins again. Please clarify. By TAIR10 annotations do you mean TAIR10 coordinates? Typo in Line 95: increase should be "increases" In the Figure S9 legend the title sentence is incomplete and the panel A description is not marked. For Figure 3E , please indicate in the methods how the relative enrichment of H3K9me2 modifications were determined. For Figure S12 the dark green and dark blue colors are difficult to distinguish. Please modify the coloring for clarity. In this manuscript, Catoni and colleagues describe properties of genomic loci that show epiallelic switching in Arabidopsis thaliana. A DNMT1-like cytosine methyltransferase, MET1, is known to be important for maintaining CG methylation in plants. When CG methylation occurs in the promoter (or transcription start site) of genes / transposable elements (TEs), these loci tend to be transcriptionally silent. The authors used two types of met1 mutation to study transgenerational changes in CG methylation. The null allele met1-3 removes nearly all CG methylation (Tariq et al. 2003) , whereas the weak allele met1-1 reduces CG methylation to about 25% of wild type (WT) levels (Kankel et al. 2003) . The authors crossed met1-3/met1-3 to WT and recovered MET1/MET1 individuals in the F2 progeny (MET1+); methylomes of WT, met1-1 and met1-3 plants were compared to MET1+ individuals using genome-wide bisulfite sequencing. In such experiments, methylated WT alleles can be inherited to the F1 and F2 generations. CG methylation, Histone 3 Lysine 9 dimethylation (H3K9me2) and 24 nt siRNA levels would thus not be fully depleted in F1 (met1-3/MET1) or F2 generations (MET1+ genotype). Epigenetic information from the WT grandparent could contribute to partial remethylation of genomic segments previously depleted in CG, CHG or CHH methylation in the met1-3/met1-3 grandparent.
The authors report that DMRs of met1-1 and MET1+ overlapped in over 85'000 commonly methylated cytosines, compared to the WT (Page 4). The corresponding Spearman R squared = 0.48 and Pearson R squared = 0.63 are quite low, however, meaning that methylation distributions in met1-1 and MET1+ plants were only loosely correlated. The data may indicate that, "certain methylation patterns in met1-1 and MET1+ are associated with particular loci, possibly due to intrinsic characteristics of DNA sequences of the affected loci themselves (Page 5)," but it also seems possible that comparing a weak met1-1 mutation to MET1+, with its myriad WT-methylated genomic segments, would display ~50% overlap of DMRs simply because of the survival and inheritance of epigenetic marks from parental backgrounds. An ensuing gain of methylation in MET1+ segregants above mid-parental levels would be expected if residual epigenetic information is reinforced and maintained upon restoration of MET1 protein function, which is indeed what the authors observed ( Figure 2A , S4 and S5).
Catoni and colleagues broke new ground by defining functional classes of genomic loci (GELs = Gene Body Like; R-TELs = Reversible-Transposable Element-Like; E-TELs = EpiallelicTransposable Element-Like) that show differing susceptibility towards being maintained as epialleles. The authors then describe, in great detail, how CpG density/number influences the capacity of GELs and E-TELs to form transgenerationally stable epialleles. This work supports established models in which maintenance of dense CG methylation ensures passage of silent epialleles down to successive generations (Quadrana & Colot 2016 Annu Rev Genet). Logically, increased density of CpG sites would provide more capacity for 5-methylcytosine deposition (e.g., sporadically triggered by RNA-directed pathways), which could then be faithfully maintained by MET1 over generations. Beyond these findings, the manuscript contains a number of shrewdly conceived tests for remethylation/resilencing of R-TELs, and verification of epiallelic properties during long-term transgenerational inheritance of GELs and E-TELs (including in rice).
The Results are of high technical quality and clearly described. The Discussion repeats several points already made in the Introduction and Results, and occasionally diverges into tangents that could be omitted for brevity. The authors' recurring mention of, "genetic determinants encoded in the DNA sequence," would seem to be an over-interpretation of the Results (Major concern 1), but Catoni and colleagues have uncovered general sequence properties (CpG density, lack of repeats) that distinguish loci subject to epiallelic silencing in plants (GELs, E-TELs), from TE-like loci where DNA methylation and silencing are more readily reversible (R-TELs). This latter advance arises in the context of precedents, and the authors should accurately describe literature cited in their lengthy discussion (Major concern 2).
Major concerns:
1. (Abstract, Results Page 12, Discussion Page 13-14, and elsewhere). The authors propose that, "DNA sequence features," "characteristics of DNA sequences," "DNA sequence itself" and "genetic determinants encoded in the DNA sequence," predict susceptibility of plant loci to form heritable but switchable epialleles. Such statements prime readers to extrapolate that DNA sequences motifs determine epiallelic potential. Instead, the authors find that high CpG content in a low copy number locus predicts, "susceptibility to epiallelic switching". These are useful general properties of epiallelic loci, but they do not correspond to, "genetic determinants encoded in the DNA sequence." Neither does it follow from the authors' work that DNA sequence determines alternative "on"/"off" states of a true epiallele, which rather depend on CG/CHG methylation at gene promoters and TE transcription start sites in plants. When previous studies refer to the heritability of epigenetic information, then DNA methylation states, H3K9me2 or transcriptional silencing, etc., are usually intended, not general sequence properties that could predict susceptibility of a locus to epiallelic switching.
2. (Discussion, Page 16). The authors spend half a page on an inaccurate discussion of the Blevins et al. 2014 paper. Catoni and colleagues incorrectly state that loci only showed loss of 'silent locus identity' when deficiency in RdDM was combined with deficiency in HDA6 (the latter was sufficient), they fail to mention that the resulting epiallelic targets were genic loci (not comparable to E-TELs in the current manuscript), and they fail to mention that a substantial portion of Blevins et al. 2014 reported on TE/repeat-associated loci that (like R-TELs, included SDC) are able to resilence fully in F1 plants from hda6 or met1 backcrosses, or via rescue of hda6 with an HDA6-FLAG transgene.
Minor issues: "Transgenerational epigenetic instability is a source of novel methylation variants," should be cited and discussed in the manuscript, because it's an independent analysis of inbreeding Arabidopsis for 30 generations (not to be confused with Schmitz et al. 2013 Nature, which looked at DMRs in distinct A.thaliana ecotypes).
(Discussion, Page 17)
. "Repetitiveness and relative scarcity of CpGs support maintenance silence locus identity and direct rapid reversion to one dominant epigenetic state. In contrast, low copy number and high CpG content liberates the formation and supports transgenerational stability of alternative epigenetic states." --The phrase, "maintenance silence locus identity," should likely read, "maintenance of silent locus identity" and "dominant epigenetic state" sounds a little like genetic dominance; consider different terminology to avoid confusion (see Intro, Page 3 and elsewhere).
1st Revision -authors' response 11 November 2016
This manuscript was very difficult to understand, and took two careful readings to parse the authors' points. This difficulty stemmed from an abundance of claims that were not supported by the data. For example, line 76 claims the met1-1 data was the same as MET1+, but that is not shown in the main or supplemental figure referenced.
In line 76 we didn't claim that "the met1-1 data was the same as MET1 + ". It is stated: "the patterns of methylation at particular TELs in met1-1 and MET1 + were overlapping (Figures 2A and S5 )" which is reflected by the comparable distributions of methylation levels along Arabidopsis chromosomes, as illustrated by the two figures (please compare shapes of the two curves on Figures  2A and S5 , green for met1-1 and yellow for MET1 + ).
Again in line 99, MET1+ is never analysed and thus the statement is not supported.
The DNA methylation of two replicates of MET1 + plants was analysed by genome wide bisulfite sequencing and the data was processed in parallel to other samples, such as met1-1, its transgenic complemented line and EpiRILs. Analyses of MET1 + plants supporting the statement in line 99 are presented in Figure 1, Figure 2 , Figure S4 and S5. Also line 101, the transgenerational nature is never tested and thus again this statement is not supported by the data. To comprehend the statement in line 101 it is crucial to realize that met1-1 and MET1 + are isogenic (mostly identical DNA sequence) and thus genetic features influencing similar epialleles of met1-1 and MET1 + must be mostly identical. The "formation of transgenerationally stable methylation patterns (epialleles) in MET1 + segregants" has been very well documented before and described previously in several publications, instead of repeating these experiments we included the appropriate citations in the manuscript (lines 95-97 in the revised version of the manuscript).
Again for the MET1 F1 hybrids in line 116. All of these examples are continued extrapolation of data in met1-1 to the MET1+ line and thus heritable epiallelism, but the data is not shown or tested, and is thus not supported.
The entire paragraph containing the sentence finishing in line 116 refers to Figure 3D , which provided data for two replicates for MET1 + (yellow and orange lines marked MET1 + rep1 and MET1 + rep2), this appears to have been missed by the reviewer.
1.I disagree with the authors using the claim that the number of CG sites / repetitiveness is a "rule". It predicts or is correlated with, but the manuscript repeatedly uses the terms: determines (line 180) and rules (lines 182,215, 220, 304). I suggest "predictive", as used in the title.
We realized the term "rules" and "determines" could be interpreted as causative effect and the text was corrected according to the reviewer suggestion.
2. Figure 6A separates regions of the genome by mappability and number of CG sites, and then gives them the names "epi" or "rev". These names signify function or a prediction of how these regions will heritably act, however that is not experimentally defined. Please remove these names from Figure 6 .
The Figure 6A has been modified accordingly and also rearranged to improve its clarity.
3. With the data the authors found, is it apparent where the difference in phenotype between met1-1 and met1-3 comes from? Can this be addressed in the Discussion section? The manuscript starts off with this key phenotypic difference between the two alleles, but then does not return to discuss the cause.
The phenotype difference between met1-1 and met1-3 is discussed in the first paragraph of the discussion (lines 239-246), which is concluded: "the developmental abnormalities in met1-3 are probably associated with loci able to retain their methylation in met1-1. Most interestingly, these loci generally encode transposable elements with as yet unknown regulatory functions in plant development." This is what we can conclude at this stage.
4. In line 62 when GELs and TELs are defined, how were these cutoff levels determined? Scientifically or arbitrarily? Please clarify. The cut off was adjusted considering the maximum conversion error rate of the bisulfite reaction (1%), therefore a cut off of 5% was chosen as a level allowing for secure filtering of false positives. This reason is now explained in the revised legend of Table S2 . We calculated the random overlap with 1000 iterations using regioneR package (Gel et al. 2016 ) and the overlap between DMRs of met1-1 and the MET1 + is statistically significant with p-value = 0.001. This information can be found in the legend of Figure 1B. 6. A key point I don't think was addressed is whether in wt plants, can rTELs and eTELs be differentiated? For example even though both produce 24-nt siRNAs, are rTELs targeted by RdDM while eTELs are not (and either have low CHH methylation or CHH methylation not targeted by RdDM)? The experiment to do is measure the loss of CHH methylation in a pol V mutant (compared to wt) for eTELs and rTELs. I think this may be informative for the reader to understand how these loci are different in wt plants.
We agree with the reviewer that the differentiation of E-TEL and R-TEL based on their epigenetic proprieties in the wild type plants will be of interest. Therefore, we searched for the overlap of RTELs and/or E-TEL with DRM1/2 (guided by PolV) and CMT2/3 targets, using datasets from Stroud et al, 2013. Unfortunately, the overlaps were not significant and we could not link different methylation pathways with E-TELs and R-TELs. It may however be that RdDM targets are altered in met1 compared to MET1, similarly to what recently has been described for the related hypomethylated Minor comments that would improve the manuscript are:
1.The manuscript ends very quickly, only giving two sentences to the complicated figure 6A. The same is true for the one sentence given for 6B.
In the revised version of the manuscript the sentences are expanded, yet, since they contain rather simple conclusions this part is still kept short, due to the space constrains (lines 215-223 and 233-237 in the revised version of the manuscript).
Arabidopsis data of epiallelic switching properties we linked to DNA sequence features. We applied Arabidopsis derived sequence properties to rice genome to predict epiallelic switching in rice strain deficient in MET1. For us it was not foreseeable that Arabidopsis derived guidelines for genetic determinants would also be applicable for very divergent genome (and epigenome) of rice. To clarify this issue, we modified the text accordingly (lines 233-237), which reads now: "Finally, we separated rice DNA sequences as potentially able to form stable epialleles and sequences likely regaining methylation using their genetic proprieties. As in Arabidopsis, epigenetic characteristics of the two groups of loci were predicted correctly on the basis of their DNA sequence composition and genomic repetitiveness ( Figure 6B, EV5B) ." 3. Line 670: Is not a kernel density plot.
This was corrected.
4. In Figure 2B , I would use two different colors to represent cluster 2 and cluster 3, and then bring these colors back in figure 3C when these clusters are used to define eTELs and rTELs.
We are sorry for this confusion. The colours used in the Figure 2B (right) are not designed to define the clusters but rather the classification of tiles based on the DNA methylation distribution in wild type as TEL or GELs (according to Table S2 and Figure S3 ). Both clusters 2 and 3 are composed by TELs and those cannot be separated to E-TELs and R-TELs based on their DNA methylation in wild type, therefore these are labelled by only one colour. We redesigned Figure 2B and modified its legend to avoid confusion. Figure 3E , F the choice of two close blue colors should be the colors used to define eTELs and rTELS in 3C. 6. Effort should be made to make the difference between Figure 5C and D more clear. It was difficult to understand.
In
We modified the main text (lines 210-213 in the revised version) to "In agreement with the predictive DNA sequence properties, re-methylation initiated in F1 hybrids ( Figure 5C ) and observed in epiRILs ( Figure 5D and S15) occurred mostly at sequences with low mappability (high repetitiveness) and low CpG density."
7. This manuscript focuses so heavily on the difference between the met1-1 and met1-3 alleles, that an important (but missing) aspect is to describe how these alleles differ. Does met1-1 produce less protein than wt, or the same amount of protein that is less efficient? This is important because met1-1 can clearly do some of the wt MET1 function. met1-1 mutant produces reduced amount of MET1 protein, while MET1 is completely absent in met1-3 due to T-DNA insertion, data are presented on Figure EV3 (previously Figure S15 ).
Referee #2:
Thank you.
Minor comments and suggestions:
At the end of the first paragraph of the results the authors interpret the increase in methylation shown in Fig S1C upon reintroduction of MET1 (MET1+) as evidence of re-methylation. However this only shows an increase in methylation and does not distinguish between re-methylation at sites that were previously methylated and ectopic methylation at previously un-methylated loci. Thus, this conclusion should be reworded for accuracy or an additional figure showing the increase in methylation occurs at previously methylated loci should be shown.
Indeed, the evidence that re-methylation in MET1+ plants occurs at previously de-methylated loci in met1 mutants is provided only later in the manuscript (e.g. Figures 2B, 4B ), we agree with the reviewer that such a claim cannot be based on data presented in Figure S1C , which comes early. Therefore, we modified the summary sentence replacing the "re-methylation" statement: "The MET1 + segregants had on average 57% of wild type m CpGs that indicated a certain degree of de novo methylation at DNA sequences likely inherited from the met1 grandparent ( Figure S1C , Table  S1 )." (lines 36-38 in the revised version of the manuscript).
The authors define GELs as genes with >5% CG methylation and <5% non-CG methylation. Several studies have been carried out to specifically investigate gene body methylation. For example, Takuno and Gaut 2011. It would be informative to know the extents to which the GELs identified here correspond to the previously identified body methylated genes.
We requested from the authors of Takuno and Gaut 2011 the list of 4361 body methylated genes and we found overlap of 98%, thus 4281 of body methylated genes defined by Takuno and Gaut 2011 are included in GELs. This information is now added to the legend of Figure S3 . We think that remaining 80 genes (<2%) have been probably discarded from our list due to the stringent criteria of coverage we applied for GEL selection (at least 5 reads per cytosine).
In line 161-2 the authors' state "Therefore R-TELs are clearly different from "remethylatable" loci where re-methylation does not occur in the F1 (Teixeira 2009)." As the referenced study used a different genetic background to remove CG methylation (ddm1 vs met1 mutants) there could be a difference in the residual epigenetic marks. Thus, this argument would be strengthened by showing an example of a locus designated as "remethylatable" and showing that in your met1-3 x WT lines, this locus behaves differently than the R-TELs. For the generation of Figure 3F and S10, analysed data for WT (GSM277608) and met1-3 (GSM277609) have been downloaded from GEO database. Since small RNAs were related to genomic tiles (200 bp) normalization on DNA length was not necessary. Normalization on the library size was also not needed, since the comparison was among E-TELs and R-TELs of the same libraries. Moreover, the number of wild type and met1-3 sequence reads were very similar, 8,799,899 and 8,833,537, respectively, (Lister et al 2008) . Figure legends were modified to include this information. Table S1 there is a typo in the header "Plastide" should be "Plastid" This is now corrected We are sorry for that and thank you for pointing out this mistake, which is now corrected.
Typo on Line 55. There is a period missing after "states".
The "states" belonged to a chapter title, which was incorrectly formatted. The formatting has been now corrected.
In Figures 4, S4 , and S14: The legend indicates that the "Black dashed line displays WT and met1-3 mid-parental methylation level". However the Wt appears to be shown in grey.
The description of the dashed lines was misleading in the figure legends. This is now corrected to "Black dashed line displays theoretical mid-parental methylation level between WT and met1-3."
The Figure 4D legend first mentions that the identities of the R-TEL and E-TEL are defined in C (which are 200bp bins of genomic regions) and then states they are according to TAIR10 annotations (which are full length genes and TEs) and then referes to the regions as 200 bp bins again. Please clarify. By TAIR10 annotations do you mean TAIR10 coordinates?
Thank you for pointing this out. The figure legend was corrected to avoid misunderstanding.
Typo in Line 95: increase should be "increases"
This has been corrected In the Figure S9 legend the title sentence is incomplete and the panel A description is not marked.
The accidently truncated Figure S9 legend has been corrected.
For Figure 3E , please indicate in the methods how the relative enrichment of H3K9me2 modifications were determined.
In Figure 3E , information about H3K9me2 enrichment was from previously processed data generated by Deleris 2012: GSM910290 and GSM910290 GEO accessions for wild type and met1-3, respectively. Details about the normalization are given in the original publication. We updated Figure 3E legend accordingly. The generation of met1-3 is now provided in the figure legend.
In the Figure S17 legend both panels A and B are indicated as epi12, while the title indicates one should be epi28. Please modify as needed.
The legend has been modified.
Referee #3:
In this manuscript, Catoni and colleagues describe properties of genomic loci that show epiallelic switching in Arabidopsis thaliana. A DNMT1-like cytosine methyltransferase, MET1, is known to be important for maintaining CG methylation in plants. When CG methylation occurs in the promoter (or transcription start site) of genes / transposable elements (TEs), these loci tend to be transcriptionally silent. The authors used two types of met1 mutation to study transgenerational changes in CG methylation. The null allele met1-3 removes nearly all CG methylation (Tariq et al. 2003), whereas the weak allele met1-1 reduces CG methylation to about 25% of wild type (WT) levels (Kankel et al. 2003) . The authors crossed met1-3/met1-3 to WT and recovered MET1/MET1 individuals in the F2 progeny (MET1+); methylomes of WT, met1-1 and met1-3 plants were compared to MET1+ individuals using genome-wide bisulfite sequencing. In such experiments, methylated WT alleles can be inherited to the F1 and F2 generations. CG methylation, Histone 3 Lysine 9 dimethylation (H3K9me2) and 24 nt siRNA levels would thus not be fully depleted in F1 (met1-3/MET1) or F2 generations (MET1+ genotype). Epigenetic information from the WT grandparent could contribute to partial remethylation of genomic segments previously depleted in CG, CHG or CHH methylation in the met1-3/met1-3 grandparent.
We agree with the reviewer's interpretation of our initial experiments, and this is why we constructed transgenic MET1 and incorporated it into our studies, this circumvented such confounding effects.
The authors report that DMRs of met1-1 and MET1+ overlapped in over 85'000 commonly methylated cytosines, compared to the WT (Page 4). The corresponding Spearman R squared = 0.48 and Pearson R squared = 0.63 are quite low, however, meaning that methylation distributions in met1-1 and MET1+ plants were only loosely correlated. The data may indicate that, "certain methylation patterns in met1-1 and MET1+ are associated with particular loci, possibly due to intrinsic characteristics of DNA sequences of the affected loci themselves (Page 5)," but it also seems possible that comparing a weak met1-1 mutation to MET1+, with its myriad WT-methylated genomic segments, would display ~50% overlap of DMRs simply because of the survival and inheritance of epigenetic marks from parental backgrounds. An ensuing gain of methylation in MET1+ segregants above mid-parental levels would be expected if residual epigenetic information is reinforced and maintained upon restoration of MET1 protein function, which is indeed what the authors observed (Figure 2A, S4 and S5 ).
The Discussion section has been shortened according to the reviewer's suggestions.
1.(Abstract, Results Page 12, Discussion Page 13-14, and elsewhere). The authors propose that, "DNA sequence features," "characteristics of DNA sequences," "DNA sequence itself" and "genetic determinants encoded in the DNA sequence," predict susceptibility of plant loci to form heritable but switchable epialleles. Such statements prime readers to extrapolate that DNA sequences motifs determine epiallelic potential. Instead, the authors find that high CpG content in a low copy number locus predicts, "susceptibility to epiallelic switching". These are useful general properties of epiallelic loci, but they do not correspond to, "genetic determinants encoded in the DNA sequence." Neither does it follow from the authors' work that DNA sequence determines alternative "on"/"off" states of a true epiallele, which rather depend on CG/CHG methylation at gene promoters and TE transcription start sites in plants. When previous studies refer to the heritability of epigenetic information, then DNA methylation states, H3K9me2 or transcriptional silencing, etc., are usually intended, not general sequence properties that could predict susceptibility of a locus to epiallelic switching.
It is true that previous studies correlated epigenetic inheritance (formation of epialleles, their stability, switching) with epigenetic marks and not with DNA sequence properties. In contrast to the previous studies, we found that particular "DNA sequence features," "characteristics of DNA sequences," etc. predict susceptibility of plant loci to form heritable but switchable epialleles or epialleles not able to switch and rapidly reverting to only one, prevalent state. Although these sequence features indeed do not contain "magic" motifs, they have predictive power for epigenetic inheritance. Nevertheless, to avoid any misunderstandings we modified the text according to this reviewer suggestion and also suggestions of the first reviewer replacing words such as "rule" or "determination" by "prediction", as it is in the title of the manuscript.
Thank you for pointing this out. We corrected the text to "However, "silent locus identity" can be lost at certain loci subjected to deficiency in histone deacetylase 6 (HDAC6)." (lines 298-299). Yet, since the hda6 mutant has a different impact on DNA methylation than met1, we were not intending to relate in detail the results of Blevins et al. 2014 to our data. We simply found the concept of "silent locus identity" coined by Blevins et al. 2014 very interesting and appealing. Thus we referred to this concept in our discussion. We agree with the reviewer, and now we cite Lippman et al 2003 at the beginning of the introduction (line 6 and then at line 97). However, despite that Schmitz et al. 2011 provided an independent analysis much related to these of Becker et al 2011, in our manuscript we reanalysed the Becker data only, and therefore we refer only to this work.
2. (Discussion, Page 17). "Repetitiveness and relative scarcity of CpGs support maintenance silence locus identity and direct rapid reversion to one dominant epigenetic state. In contrast, low copy number and high CpG content liberates the formation and supports transgenerational stability of alternative epigenetic states." --The phrase, "maintenance silence locus identity," should likely read, "maintenance of silent locus identity" and "dominant epigenetic state" sounds a little like genetic dominance; consider different terminology to avoid confusion (see Intro, Page 3 and elsewhere).
Thank you for this suggestion. We corrected the "silent locus identity", and we also replaced throughout the manuscript "dominant" by "prevalent". Thank you for submitting your manuscript for consideration by the EMBO Journal. As mentioned before, my colleague Dr. Anne Nielsen is currently away, and I am stepping in to not cause further delays. Your manuscript has now been seen by one of the original referees again, whose comments are enclosed.
As you will see, the referee is now broadly in favour of publication, pending satisfactory minor revision. I would thus like to invite you to provide a final version of your manuscript, addressing the remaining concern by further toning down your conclusions and by providing a point-by-point response to the report of the referee.
I am therefore formally returning the manuscript to you for a final round of minor revision. Once we should have received the final version, we should then be able to swiftly proceed with formal acceptance and production of the manuscript!
In this revised manuscript, Catoni and colleagues have toned down some of their conclusions and have edited the figures and discussion to address the majority of the referees' concerns. Other points were defended as having been addressed by data already present in the original submission. My remaining concern is that the abstract continues to state that the, "density of CpGs and genomic repetitiveness of the loci largely determine their susceptibility to epiallelic switching. The importance and predictive power of these determinants..." Considering my comments and those of referee #1, I do not agree that such sequence features correspond to "determinants" or should be said to "determine" epigenetic outcomes. Experiments would be needed in which naïve loci with and without such sequence "determinants" would be methylated in vivo (e.g., in trans), then tested for epiallelic switching, which is presumably outside the scope of the current study. One would not need to discover "magic" motifs in order to extract examples of R-TEL repeats, or to apportion constructs with differing CpG densities, then engineer A.thaliana lines carrying novel loci with such properties and test their susceptibilities to epiallelic switching. Based on the authors' findings, future work to test whether sequence features are sufficient to enable epiallelic switching sounds promising, but the conclusion should not be drawn (in advance) without such robust data in hand.
A minor correction to the authors' rebuttal of referee #1's point 6, concerning differentiating E-TEL and R-TEL loci: neither drm1/2 met1 nor cmt2 met1 mutants have been reported to be unviable by either Referee #3:
The abstract has been modified and words "determine" and "determinants" are now replaced.
A minor correction to the authors' rebuttal of referee #1's point 6, concerning differentiating E-TEL and R-TEL loci: neither drm1/2 met1 nor cmt2 met1 mutants have been reported to be unviable by either We agree that it was incorrect simplification to name these mutant combinations "inviable". Indeed, these are highly abnormal and very difficult to obtain genotypes, which would preclude their use in our transgenerational experiments. We apologize for the incorrect simplification. Thank you for submitting your revised manuscript to us. I appreciate the introduced changes, and I am pleased to inform you that your manuscript has been accepted for publication in the EMBO Journal. 
Captions
The data shown in figures should satisfy the following conditions:
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship guidelines on Data Presentation.
a statement of how many times the experiment shown was independently replicated in the laboratory.
Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.
C--Reagents

B--Statistics and general methods
the assay(s) and method(s) used to carry out the reported observations and measurements an explicit mention of the biological and chemical entity(ies) that are being measured. an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
the exact sample size (n) for each experimental group/condition, given as a number, not a range; a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including how many animals, litters, cultures, etc.).
NA NA definitions of statistical methods and measures:
1. Data the data were obtained and processed according to the field's best practice and are presented to reflect the results of the experiments in an accurate and unbiased manner. figure panels include only data points, measurements or observations that can be compared to each other in a scientifically meaningful way. graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical replicates. if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be justified
Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return) a specification of the experimental system investigated (eg cell line, species name). Fisher exact test or Wilcoxon test were used according to the data distribution. Shapiro and Bartlett tests were used for normal distribution or variance similarity, respectively (Appendix --Supplementary Materials and Methods).
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Fisher exact test or Wilcoxon test were used according to the data distribution. Shapiro and Bartlett tests were used for normal distribution or variance similarity, respectively (Appendix --Supplementary Materials and Methods).
